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收催化剂，萃取 3 次以上，催化剂回收率达到 92%，将回收的催化剂重复使用 5
次，产物的环氧值与碘值几乎保持不变。 
3.  负载型 Au-Pd 催化脂肪酸甲酯环氧化的工艺优化条件是：催化剂为
1Au-0.5Pd/CeO2，催化剂用量占原料质量的 2.3%，反应温度为 65℃，反应时间
为 8h，空气压力为 3MPa。 
4.  催化剂 1Au-0.5Pd/CeO2 掺杂 Cs 对反应有很大的改善，掺入 Cs 的量达到载体


































































It’s growing demand for plasticizers with the rapid development of the plastics 
industry, simultaneously, people have a higher hygiene requirements with awareness 
of environmental protection. Epoxy FAME comes from the epoxidation of double 
bonds of unsaturated FAME. 
This study can be divided into two parts. The first part is the process 
improvement of FAME epoxidation catalyzed by phosphotungstic acid hyamine. We 
found the catalyst with higher catalytic activity and higher catalyst recovery by 
optimizing the process parameters and changing the quaternary ammonium salt of 
catalyst. In the process, we also discovered the laws of different long chain alkyls of 
quaternary ammonium salts on the catalyst performance and the effective method of 
catalyst recycling, which effectively solved the problem of low recovery rate for this 
technology.  
The second part is process exploration of FAME epoxidation catalyzed by 
supported Au-Pd catalyst using air as oxidant (Gas phase oxidation). We got the 
optimum parameters finally by studying the influence of different supporters, reaction 
temperature, reaction time, air pressure, catalyst amount and Cs amount in the doped 
catalysts. With XRD, TEM, O2-TPO, O2-TPD and H2-TPR, we investigated 
crystallographic phase, surface topography and redox features of 1Au-xPd/CeO2 and 
1Au-0.5Pd-xCs/CeO2, explored the relation between these characteristics and reaction 
activity, and revealed the mechanism of the catalytic process and surface active 
species on the catalyst. 
 Main results are summarized as follows: 
1.   In the process of FAME epoxidation catalyzed by phosphotungstic acid hyamine, 
we found that the optimum technological parameters combination was: 3% (catalyst 
weight/oil weight), 1{mol (H2O2)/mol (double bond)}, 4h, 40℃. 















chloride with higher catalytic activity and higher catalyst recovery by changing of 
quaternary ammonium salt of catalyst. We used deionized water extraction method to 
recover the catalyst and the catalyst recovery was 92% with extraction of more than 3 
times. Epoxy value and iodine value of products remained almost unchanged when 
the recovered catalyst was reused 5 times. 
3.   In the process of FAME epoxidation catalyzed by supported Au-Pd catalyst, we 
found that the optimum technological parameters combination was: 1Au-0.5Pd/CeO2, 
2.3% (catalyst weight/oil weight), 3MPa (air pressure), 8h, 65℃. 
4.   Cs doped catalyst 1Au-0.5Pd/CeO2 greatly improved the reaction. The catalyst 
had the most obvious effect when the Cs doped amount reached 1% or 1.5% (occupy 
supporter weight). The adding of phosphotungstic acid hyamine accelerated the rate 
of mass transfer system and improved the conversion rate, but epoxy value of 
products remained almost unchanged. 
5.   Accounting for all the characterization results, we conclude that AuxOy and 
AuxCsyO adsorbed weakly on the CeO2 surface were the important catalytic active 
sites. 
     Gas phase method is the ideal production process with atom economy. It has an 
important meaning to go deep into the research on this method. 
 
Key words: Epoxidation, FAME, Phosphotungstic acid hyamine, Supported Au-Pd 
catalyst 




















   
第一章 前言 
 







表 1.1 环氧脂肪酸甲酯的指标 








闪点（克利夫兰德开口杯法）， ≥℃  170 
 
环氧脂肪酸甲酯同 PVC 的相容性极好，能很快地分散在 PVC 体系内，从而
削弱 PVC 大分子间的作用力，增大分子间的活动性，所以，在 PVC 加工成型过
程中，只要使用少量环氧脂肪酸甲酯便会降低加工能耗，提高加工速率，改善操
作条件，提高制品表面质量，对降低成本、提高经济效益起到积极的作用[1]。由































1.1.2 环氧脂肪酸甲酯的生产方法   
环氧脂肪酸甲酯是由不饱和脂肪酸甲酯双键的环氧化得到，该反应的关键在
于活性氧的来源，活性氧的传递以及传质问题。目前生产方法的特点可大体归纳



































图 1.1 苯溶剂过氧甲酸氧化法合成环氧大豆油的工艺流程图 
Fig.1.1 Flow sheet of synthesis for ESO which ues  





图 1.2 无溶剂过氧羧酸氧化法合成环氧大豆油的工艺流程图 
Fig.1.2 Flow sheet of synthesis for ESO which ues  
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